Carbon sequestration in cropland soils which could be achieved through improved management practices (IPMs) represents an important opportunity to offset a portion of greenhouse gas emissions. North China is the main wheat and maize production region where many IMPs have been widely used during the last several decades, but the effect size and duration of IMPs on soil organic carbon (SOC) sequestration in wheat-maize double cropping system in this region is scarcely studied. In this study, a meta-analysis was conducted to compare the effect size and duration of four IMPs on SOC sequestration in wheat-maize double cropping system in north China. A total of 29 long-term experiments, consisting of 119 paired treatments were compiled in this analysis. The results indicated that the four IMPs of organic manure application (OM), organic manure combined with chemical fertilizer application (MF), straw return (SR) and reduced or no tillage (RNT) all had significant effects on SOC sequestration in the study area. On average, the IMPs of OM, MF, SR and RNT enhanced SOC density by 260, 328, 278 and 134 kg ha -1 yr -1 , respectively. The effect duration of OM, MF, SR and RNT on SOC sequestration were about 48, 26, 22 and 18 years, respectively. Accumulation enhancements of SOC for OM, MF, SR and RNT over SOC sequestration period were about 34.7%, 36.1%, 22.0% and 12.7%, respectively. OM and MF could be the appropriate practices on SOC sequestration in wheat-maize double cropping system in the research area.
Introduction
The concentration of CO 2 in the atmosphere has increased from 280 μmol mol -1 before industry revolution to 379 μmol mol -1 in 2005, and it would be increasing by 1.9 μmol mol -1 per year (IPCC, 2007) . Great attention has been paid to carbon (C) sequestration to reduce the CO 2 concentration for mitigating global climate change since last late century. Carbon sequestration in cropland soils is an important way to meet emission reduction targets (Morari, Lugato, Berti, & Giardini, 2006) , which could be achieved through improved management practices (IMPs), such as reduced or no tillage, soil application of manure, crop residues recycling, cover and deep-rooting crops (Follett, 1993; Follett, 2001; Lal, 2004; Havlin, Kissel, Maddux, Claassen, & Long, 1990; Lal, Follett, Kimble, & Cole, 1999; Uri, 2001) . As a global basis, Lal estimated that agricultural soils could potentially sequester 0.4-0.8 Pg C year -1 by adopting IMPs (Lal, 2004) , which accounts for about 33.3-100% of the total potential of C sequestration in global soils. Although many researchers have studied the effects of the IMPs on C sequestration in cropland soils through long-term experiments (Morari, et al., 2006; John, Marcus, Ronald, & James, 2008; Upendra, Zachary, Ermson, Irenus, & Reddy, 2008; Wang & Kang, 2009) , the results among them were always inconsistent and uncertain varying from significant increase to significant decrease (Alvaro-Fuentes, Lopez, Cantero-Martinez, & Arrue, 2008; Christopher, Lal & Mishra, 2009 ). Moreover, it was unclear whether this inconsistency was caused by environmental, or management factors or by sampling errors and analysis methodology (Luo, Wang, & Sun, 2010) . The results of each research only represented a particular plot site, which could not represent a region.
Except for the management practices on cropland, C sequestration in cropland soils was also affected by many other factors, such as climate and soil conditions (Yan, Cao, Liu, & Tao, 2007; Angers, 1997; Gregorich, Rochette, VandenBygaart, & Angers, 2000; Hermle, Anken, Leifeld, & Weisskopf, 2008) . Therefore, the effect sizes of a variety of IMPs on soil C sequestration of cropland were significantly different among regions (Smith, 2004a) . In order to select appropriate IMPs for a certain region, understanding the effect size and duration of the different IPMs on soil C sequestration of cropland in this region is necessary. The quantitative assessment of the effect size and duration of different IPMs on soil C sequestration in certain region is a very important step. But up to now, only several studies have been undertaken in this aspect. West and Post reported that a change from conventional tillage (CT) to no-till (NT) can sequester about 57±14 g C m -2 yr -1 with duration of 15-20 years based on a global database of long-term agricultural experiments (West & Post, 2002) . In an analysis of 17 long-term tillage experiments in Europe, Smith et al. found that the average increase of soil organic carbon (SOC) with a change from CT to NT was 0.73±0.39% yr -1 , and that SOC may reach a new equilibrium in approximately 50 to 100 years (Smith, Powlson, Glendining, & Smith, 1998) . Using a coupled remote sensing and process-based ecosystem model, Yan et al. estimated that an annual soil C sequestration of 50% no-tillage arable lands and 50% crop residue returning to soils was about 32.5 Tg C in China, and the effect lasted for only 20-80 years (Yan et al., 2007) . Rui and Zhang compared the effect size and duration of several common IMPs on SOC sequestration in paddy field in the Yangtze Delta Plain of Eastern China based on meta analysis, the result showed that crop residue additions and animal manure applications increased SOC by 0.41 Mg ha -1 yr -1 and 0.34 Mg ha -1 yr -1 on average during the experiment period and only over periods of about 20 and 40 years, respectively (Rui & Zhang, 2010) . No one had estimated the effect size and duration of different IMPs on SOC sequestration in wheat-maize double cropping system in north China.
China is a large agricultural country where wheat and maize are the main grain crops, the total sown area and yield of wheat and maize accounted for about 50.1% and 52.7% of all grain crops in China in 2008, respectively (Editorial Board of China Agriculture Yearbook, 2009). North China is the main wheat and maize production region, and wheat-maize double cropping system is the region's most important cropping system (Chen, Wei, & Yang, 1992; Zhao, Chen, & Zhang, 2009 ). The total sown area and yield of wheat and maize in north China accounted for about 42.7% and 47.0% of the whole China, respectively in 2008 (Editorial Board of China Agriculture Yearbook, 2009). Considering the issue of national food security, the conditions for agricultural production and planting history in the region, wheat-maize double cropping system would continue to be the most important cropping system in this region in the future ).
During the past several decades, many IMPs (e.g. straw return, reduced or no tillage, organic manure application and organic manure combined with chemical fertilizer application) have been widely used and promoted, and many long-term field experiments related to SOC sequestration affected by IMPs in wheat-maize double cropping system were also conducted in north China (Wang & Kang, 2009; Niu et al., 2009; Kong, Zhang, Sun, Huang, & Chen, 2010; Han, Kong, Zhang, & Chen, 2010) . It is a good opportunity to estimate the effect size and duration of IMPs on SOC sequestration using those research data from previous long-term experiments. Due to the discrepancies of the climate and soil conditions, the IMPs types and the treatment levels among these field experiments, it is still difficult to directly compare the effect size and duration of each IMP on SOC sequestration. Meta analysis refers to a statistical method used to analyze and summarize the collected research data among many individual experiments with an attempt to provide the quantitative average effect to answer the research question. Its advantage is to increase the reliability of conclusions by increasing the sample size, so as to address the research inconsistency of the results (Hechtel & Juliano, 1997) . Therefore, the objectives of this study were to: (1) use meta analysis to quantitatively estimate the effect size and duration of each IMP (e.g. straw return, reduced or no tillage, manure application and fertilizer combined with manure application) on SOC sequestration in wheat-maize double cropping system in north China, (2) determine a most effective practice benefiting for SOC sequestration in wheat-maize double cropping system in north China.
Materials and Methods

Study Area
The study area is located in north China, including Beijing and Tianjin City, Hebei, Henan, Shandong and Shanxi provinces ( Figure. 1), which contains 6.92×10 5 km 2 cropland. This region is Warm Temperate Zone (WTZ) and Semihumid Climate Zone. The seasons are hot and rainy in summer, cold and dry in winter. The annual average temperature is from 5 to 20℃, and annual precipitation reaches 400-800 mm. North China is the main region of maize and wheat production and important commodity grain base in China, and wheat-maize double cropping system is the region's most important cropping systems. Wheat-maize double cropping system in this region is: two crops are sown and harvested one after another in a year. Wheat is sown in the late of autumn after maize is harvested, and harvested in the middle of summer when maize is sown. The sowing and harvesting time is different from place to place according to where the experimental site is located.
Date Sources
Field experiments from the published literature that recorded the response of SOC to changes from the control treatment (CK) to IMP treatments in wheat-maize double cropping system, and were greater than 3 years of period, were used in this study. The data from the published literature included the initial and final content of SOC or SOM in the control (CK) and IMP treatments. Experimental information, including experiments site (Figure 1) , period of experiments, soil type and depth, were also considered in this study. (Table 1 ). The periods of these experiments ranged from 3 years to 25 years with an average of 9.3 years. The mean depth of soil sampling in all experiments was 21.2 cm. The observations of organic manure application (OM), organic manure combined with chemical fertilizer application (MF), straw return (SR) and reduced or no tillage (RNT) accounted for 21.8% (n = 26), 26.9% (n = 32), 37.0% (n = 44) and 14.3% (n = 17) of the total, respectively. The data of SOC or soil organic matter (SOM) content were collected from tables or text of all the selected published literature, as well as some data extracted from figures by the graph digitizing software, Getdata v.2.22 (Fedorov, 2006) . The SOC content in all experiments of the selected articles was determined using the potassium dichromate method (Nelson & Sommers, 1982 ). An index of 0.58 was used in conversion of SOM to SOC content. Because there was no soil bulk density (BD) data in most of the experiments, the following non-linear equation was used to estimate BD (Eq. (1)) (Adams, 1973) .
where BD is soil bulk density (g cm -3 ) , 0.244 is the bulk density of SOM, 1.64 is the bulk density of soil mineral matter, and SOM C is the content of SOM (%).The SOC density was calculated as: 
Data Analysis
Meta-analysis was used to determine the changes in SOC content after adoption the IMPs. In order to conduct the meta-analysis, a suitable effect size indicator which could compare the IMPs treatment mean to CK treatment mean, was calculated as (Osenberg, Sarnelle, Cooper, & Holt, 1999) : As most of the experiments in the selected published articles did not provide some measures of variance for the response variables of SOC content, an unweighted meta analysis was used. After mean effect size for each study was calculated, a bias-corrected 95% confidence interval (CIs) generated by a bootstrapping procedure using MetaWin2.1 software (Rosenberg, Adams, & Gurevitch, 1997; Johnson & Curtis, 2001) . Means were considered to be significantly different from one another, if their 95% CIs were non-overlapping and were significantly different from zero if the 95% CI did not overlap zero (Johnson & Curtis, 2001; Gurevitch & Hedges, 1993) .
With meta-analysis, we can test whether there are significant differences in mean response among categorical groups. The data from the published literature were also grouped according to their treatment levels except for comparisons of the overall effects of IMPs on SOC sequestration. The treatment levels of OM and MF were both divided into three groups of low (<75 ) and high (>37.5 kg N ha -1 yr -1 ). We analyzed the mean effect sizes using categorical variables which were previously described to examine their effect on SOC sequestration by meta-analysis.
SOC is expected to reach a new equilibrium at some period following adoption a new management practices (Johnson, Levine, & Kern, 1995) . Therefore, we implored the effect duration of IPMs on SOC sequestration based on the data from the selected published literature in this study. The SOC sequestration duration was the time period from the beginning to the ending of SOC increments/decreases induced by different treatments (West & Six, 2007) . Based on the data of the experiments from the selected published literature, we could obtain the average annual change rate of SOC density after IMPs conducting relative to the CK using the following equation (Eq. (4)). By plotting the average annual change rate of SOC density versus the experiment period, we could obtain an estimate of the time required to reach a new SOC steady state from initiating of the experimental IMPs. Nonlinear regression was done to estimate the duration using Sigmaplot 11.0 (Systat Software Incorporated, 2008).
is the annual change rate of SOC sequestration after IPMs conducting, relative to CK.
Results
Influence of IMPs on SOC Change
There were 118 paired trials showed positive effects while only 1 trial displayed negative effects in observed long-term experiments. The Bias CIs of OM, MF, SR and RNT were all above zero, indicating a significant effect on SOC sequestration in the topsoil. On average, the IMPs of OM (n=26), MF (n=32) , SR (n =44) and (RNT) (n = 17) enhanced SOC density by 260, 328, 278 and 134 kg ha -1 yr -1 respectively compared to the CK (Figure 2) . The SOC density enhanced by RNT is the lowest among the four IMPs (Figure 2 ). 
Effects of Treatment Level on SOC Sequestration
The amounts of OM, MF and SR affirmatively affected the effect size on SOC sequestration ( Figure. 3 , n = 9) and the low level group as well (164 kg ha -1 yr -1 , n = 10), but no significant difference (P = 0.16) was detected between them. Similar trends were found in the treatments using variable amounts of MF. SOC sequestration in the high level group of OM (n = 13) was 509 kg ha -1 yr -1 higher than that of the intermediate level of application (243 kg ha -1 yr -1 , n = 9) and the low level group as well (170 kg ha -1 yr -1 , n = 10), there were significant difference between high level group and low level group (P = 0.002), intermediate level group and low level group (P = 0.017), but no significant difference was detected between high level group and intermediate level group (P = 0.522). Similar trends were also found in the treatments using variable amounts of SR. SOC sequestration in the high level group of OM (n = 19) was 339 kg ha -1 yr -1 higher than that of the intermediate level of application (251 kg ha -1 yr -1 , n = 13) and the low level group as well (166 kg ha -1 yr -1 , n = 12), there were only significant difference between high level group and low level group (P = 0.011). 
Effect Duration of IMPs on SOC Sequestration
The annual change rate of SOC sequestration induced by OM, MF, SR and RNT in wheat-maize double cropping system in north China showed that the duration of SOC sequestration differed significantly. The correlation between % 1   yr D SOC and t for these four treatments, using a traditional nonlinear regression analysis, were obtained using the following equations of (5), (6), (7) and (8), respectively.
Seen from Figure 4 , the SOC sequestration rates were normally high in the early stage of the four IMPs, and then decreased with consequent increases of SOC pool and finally became zero as SOC reached a new equilibrium level. During the first 10 years, the decreased rate of SR was most quickly among them. According to the calculation with the four equations, the effect durations of OM (Figure 4a ), MF (Figure 4b ), SR ( Figure 4c ) and RNT ( Figure 4d ) on SOC sequestration were about 48, 26, 22 and 18 years, respectively. Accumulation enhancement of SOC for IMPs over SOC sequestration period can be seen (Figure 4) , if the differences were considered in duration in this study. We can conclude that the multiplication factors of 1.35, 1.36, 1.22 and 1.13, corresponding to 34.7%, 36.1%, 22.0% and 12.7% increase in SOC, could be recommended ultimately for a change to OM, MF, SR and RNT in the study area, respectively. 
Effect Size of IMPs on SOC Sequestration
The results presented here indicate that the four IMPs all have considerable SOC sequestration potentials in wheat-maize double cropping system in north China. FM can sequester SOC at an average of 328 kg ha -1 yr -1 in study area, which was lower than that of 573 kg ha -1 yr -1 in soybean-wheat double cropping system in Indian concluded by Kundu et al (Kundu, Ranjan, Ved, Ghosh, & Gupta, 2007) . Among the four IMPs, FM has the best SOC sequestration effect. The reason would be that addition manure to fertilizer could promote formation of micro-aggregates in the macro-aggregates, leading to more particulate organic matter fixed in the newly formed micro-aggregates (Six, Ekkuitt, & Paustian, 1999) . Moreover, comparing with the large aggregates, soil micro-aggregates have lower turnover rate and higher stability (Jastrow, Boutton, & Miller, 1996; Balesdent, Chen, & Balabane, 2000) . OM can increase the input of SOC, and accelerate SOC accumulation in the soil (Chen, Wang, & Wang, 2008) . In the study area, OM can sequester SOC an average of 260 kg ha -1 yr -1 , which was higher than that of 150 kg ha -1 yr -1 in Europe cropland concluded by Vleeshouwers and Verhagen (Vleeshouwers & Verhagen, 2002) , lower than that of previous researchers with an effect of 390 kg ha -1 yr -1 of USA cropland estimated by Jarecki et al (Jarecki, Lai, & James, 2005) , 350 kg ha -1 yr -1 of Belgium cropland evaluated by Dendoncker et al. and 510 kg ha -1 yr -1 in southeastern USA estimated by Upendra et al ( Upendra et al., 2008; Dendoncker, Wesemael, & Rounsevell, 2004) . SR achieves SOC sequestration through increasing the carbon input to the soil. of the organic C in straw were preserved in the form of SOC in the soil (Lal, 2007; Lu, Wang, Han, Ouyang, & Zhen, 2009 ). In the study area, straw return to field can significantly increase C content with an average effect of 278 kg ha -1 yr -1 in cropland soil compared to CK, which was lower than the effect of 410 kg ha -1 yr -1 in Yangtze Delta plain of China reported by Rui and Zhang (2010) Vol. 4, No. 9; 2012 Vleeshouwers and Verhagen and 20 kg ha -1 yr -1 in Europe estimated by Smith (Smith, 2004b) . The discrepancies could be due to difference in climate and soil conditions (Yan et al., 2007; Angers, 1997; Gregorich et al., 2000) . RNT can reduce soil C release by reducing the turnover of soil aggregates (Paustian, Elliott, Six, & Hunt, 2000) , which has been taken as an effective and environmentally friendly soil C sequestration strategy (Lal, 2004) . Soil C sequestration rates, with a change to RNT from CT in study area, can be expected to 134 kg ha -1 yr -1 , which was within the higher range of values (approximately 100-600 kg ha -1 yr -1 ) cited by Follett (2001) . The value was lower than that of 420 kg ha -1 yr -1 in southeastern USA estimated by Franzluebbers (2005) and 570 kg ha -1 yr -1 at a global scale estimated by West and Post (2002) . The result was also significantly higher than that of 30 kg ha -1 yr -1 in paddy field in Yangtze Delta plain of China reported by Rui and Zhang (2010) , which was consistent with the viewpoint proposed by Han et al. who reported that the great carbon sequestration potential under no tillage only existed in dryland soils in China (Han, Wang, Lu, Duan, & Ouyang, 2008) .
Though the four IMPs can significantly enhance SOC of cropland, the negative effects of inducing greenhouse gas emissions have to be considered when judging them. Li et al. found that reduced tillage, crop residue incorporation and manure application each would increase N 2 O emissions in arable soils (Li, Frolking, & Butterbach, 2005) . Gregorich also estimated that the amount of N 2 O emission caused by manure application accounted for about 10% of the total N 2 O emission in cropland in Canada (Gregorich et al., 2000) . Therefore, managements and policies to sequester C in soils are needed to have a discreet and comprehensive consideration. Further attentions should be paid to the quantitatively assessment of the net global warming potential induced by IMPs in wheat-maize double cropping system in north China.
Duration of SOC Sequestration
SOC sequestration is not infinite but will get to a saturation status after decades with implementation of IMPs (Watson et al., 2000) . C sequestration duration is synonymous with the time to which soil C steady state is reached (West & Six, 2007) . Seen from this study, the SOC sequestration duration of OM, MF, SR and RNT were about 48, 26, 22 and 18 years, respectively. The duration of OM on SOC sequestration was the longest among these four IMPs. This time period was longer than the pervious estimates of 40 years (Rui & Zhang, 2010) , and was within that of 60 years estimated by Chen et al (Chen et al., 2004) . SOC sequestration duration of MF in our study was shorter than OM, and longer than SR and RNT. The SOC sequestration duration of SR in our study was similar to that of 20 years suggested by IPCC (2006) , and was consistent with those used in modeling estimations by Yan et al. The duration of RNT on SOC sequestration was the shortest with that of 18 years among the four IPMs in this study, which was within the duration value of 60 years estimated by Yan et al. Meanwhile, the value coincided with that suggested by West and Post (2002) , who concluded that duration of 20 years was optimum for a change from CT to NT.
These results provide us with the basic information that there is a large SOC uptake potential in wheat-maize double cropping system in north China. It is also useful to make climate policy and land management strategies by the virtue of the duration of SOC uptake potential under different IMPs. The consistencies showed that the SOC duration summarized in this research can be used as an index to assess the SOC sequestration potential of the four IMPs in wheat-maize double cropping system in north China. Furthermore, from the multiplication factors determined by us for a change to OM, MF, SR and RNT in this study area, we can conclude that OM and MF could be the appropriate practices on SOC sequestration in wheat-maize double cropping system in north China.
Conclusions
Results of this study showed that OM, MF, SR and RNT all have significant effects on SOC sequestration of wheat-maize double cropping system in north China, and the effect size of RNT was the lowest among them. The amounts of OM, MF and SR affirmatively affected the effect size on SOC sequestration, and the effect sizes of them for the high level group were all greater than those of the intermediate level of application and the low level group as well. The effect durations of the four IMPs on SOC sequestration were about 48, 26, 22 and 18 years, respectively. The duration of OM was significantly longer than that of other three IMPs. The multiplication factors of 1.35, 1.36, 1.22 and 1.13 could be used for a change to OM, MF, SR and RNT in this study area, respectively. OM and MF were the appropriate practices on SOC sequestration in wheat-maize double cropping system in north China.
